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[57] ABSTRACT

Input signals lying outside the power supply range are
used to develop potentials which are applied to the gate
electrodes and substrates of transistors forming a trans-
mission gate, when the transistors are to be turned off.
The transmission gate circuit can then block Input
signals outside the range of its power supply.

" 18 Claims, 3 Drawing Figures
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1

ELECTRICAL CIRCUIT

This invention relates to elrcults In whlch mput Sig-
nals which lie outside the range of the operating voltage

supply are used to develop bias potentlals to control the
operation of the circuits. L

“In the drawings appended hereto llke reference char-
acters denote like components; and -

FIG. 1 is a schematic diagram of a prlor art transmls-
sion gate circuit; and . ST -

FIGS. 2 and 3 are schematlc diagrams of transm:ssnon
gate circuits embodying the invention.

The circuit of FIG. 1 is used to illustrate a problem
which exists when an input signal, E,y, applied to a
transmission gate is either more negative than, or more
positive than, the voltages (+Vjp volts and ground)
applied to the control electrodes of the transmission
gate transistors. FIG. 1 includes a complementary
transmission gate comprised of insulated-gate field-
effect transistors (IGFETs) Na and Pa, of N and P
conductivity type, respectively, having their conduc-
tion paths connected in parallel between an input ter-
minal 1 -and an output terminal 2. The transmission
gate is supposedly cut off (i.e. substantially no signal
passes through 1t) when +V, volts is applied to the
gate electrode and substrate of transistor Pa and zero
volts is applied to the gate electrode and substrate of
transistor Na. However, . if the signal E;y goes more
negative than ground, the electrode of transistor Na
connected to terminal 1 functions as a source electrode
and transistor Na {when 1its threshold voltage, VT, is
exceeded) turns on since the potential at its source
electrode is more negative than the potential at its gate
electrode. Similarly, if the signal Em gOoes more positive
than +Vyp volts, the electrode of transistor Pa con-
nected to terminal 1 functions as a source electrode,
and transistor Pa is turned on (when its Vis exceeded)
since the potential at its source electrode is more posi-
tive than that at its gate electrode. Consequently, for
signals outside the range of the available operating
voltage, the transmission gate cannot be cut off and
provides a relatively low impedance path between the
input and output terminals. This problem is overcome
In circuits embodying the invention.

- Circuits embodying the invention re5pond to values
of the input signal lying outside the range of the power
supply voltage by developing control potentials whose
values be outside the range of the operating voltage. In
one embodiment including a transistor operated as a
transmission_gate, potentials derived from the input
signal and applied to the control electrode of the tran-
sistor bias the transmission gate transistor off even
when the input signal is applied to one end of the con-
duction path of the transistor. In particular, the derived
potential may.be approximately equal in value to the
potential of said input signal. The potential derived
from the input signal is applied to the control electrode
of the transmission gate transistor when the latter is to
be turned off. | |

The transistors used to illustrate the invention are
insulated-gate field-effect transistors (IGFETs) of the
enhancement type formed in bulk silicon, but bipolar
transistors, IGFET depletion type transistors, or IGFET
transistors formed on an insulator substrate could be
used instead. The transistors of P-conductivity type are
identified by the letter P and a reference numeral, and
are shown in the drawing with an arrow on their sub-
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2

strate connection pointing away from the body of the
transistor. The transistors of N conductivity are identi-
fied by the letter N and a reference numeral, and are
shown in the drawing with an arrow on their substrate
connection pointing towards the body of the transistor.

The characteristics of IGFETs are well known and

need not be described in detail. But, for a clearer un-

derstanding of the description to follow, the following
definitions and characteristics pertment to the inven-
tion are set forth: -

1. The IGFETSs used have a first electrode and a
second electrode which define the ends of a conduction
path and a control electrode (gate) whose applied po-
tential determines the conductivity of the conduction
path. The first and second electrodes of an IGFET are
referred to as the source and drain electrodes. For a
P-type IGFET the source electrode is defined as that
one of the first and second electrodes having the more
positive (higher) potential applied thereto. For an N-
type IGFET, the source electrode 1s defined as that one
of the first and second electrodes having the less posi-
tive (lower) potential applied thereto.

2. Conduction occurs when the applied gate-to-

source potential (Vgg) 1s in a direction to forward bias
the gate with respect to the source and is greater in
magnitude than a given value, which is defined as the
threshold voltage (Vr) of the transistor.
- 3. IGFETS are bidirectional in the sense that when an
enabling signal is applied to the control electrode, cur-
rent can flow in either direction in the conduction path
defined by the first and second electrodes, i.e. the
source and drain are interchangeable.

In the circuit of FIG. 2 the operating or supply volt-
ages are +V volts and ground. Transmission gate tran-
sistor (N5) when turned off remains cut off even when
negative (below ground) input signals are applied to
the input 14 of the transmission gate S. The circuit
includes transistors P1 and N1 connected to form a
complementary inverter I1 and transistors P2 and N2
connected to form a complementary inverter 12. The
gate electrodes of transistors P1 and N1, which define
the input of inverter 11, are connected to terminal 8 to
which is applied a control signal Q. The drains of tran-
sistors P1 and N1 are connected to the output O, of
inverter 11, to the gates (input) of inverter 12, and to
the gate of a transistor P4. The drains of transistors P2
and N2 are connected to the output O, of inverter 12
and to the gate of a transistor P3. The source electrodes
and substrates of transistors P1, P2, P3 and P4 are
connected to conductor 10 to which is applied +V
volts. The source electrodes and substrates of transis-
tors N1 and N2 are connected to conductor 16. to
which 1s applied ground potential. +V volts and ground
(zero) represent the most positive and the most nega-

tive operating voltage, respectively, applied to the cir-

cuit.

‘Transistors P4 and P3 together with transistors N3
and N4 form a level shift cross-coupled network. Tran-
sistors N3 and P3 form an inverter and their drains,
which define output O3, are connected to the gates of
transistors N4 and PS. Transistors N4 and P4 also form
an inverter and their drains, which define output O,,
are connected to the gates of transistors N3 and NS,
Transistors N3 and N4 are connected at their sources
and substrates to conductor 12. When the circuit of
FIG. 2 1s formed in bulk silicon, transistors N3 and N4
may be formed in the same P-well region and therefore
share the same substrate region. Conductor 12 is con-
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nected to their P-well, and the substrates of both tran-
sistors and conductor 12 are held at the same potential.

Transmission gate S includes transistors PS and N3
having their conduction paths connected in paraliel
between the signal input point 14 and the signal output
point 18. The substrate of transistor PS is connected to
+V volts. The substrate of transistor N5 1s connected to
conductor 12. In bulk silicon, transistor N5 may be
formed in the same P-well region and share the same
substrate as transistors N3 and N4.

A diode D1 is connected at its cathode to the input
14 and at its anode to conductor 12. A transistor N6
has its conduction path connected between terminal 14
and conductor 12 and its gate connected to ground
potential. A diode D2 is connected at its anode to con-
ductor 12 and at its cathode to ground potential. The
conduction path of transistor N7 1s connected 1n paral-
lel with diode D2 and its gate is connected to input 14.

The operation of the circuit may best be explained by
noting the following: 1) Diode D1 and transistor N6
function to couple the input signal (E;y) from terminal
14 to conductor 12 when E;y i1s more negative than the
potential on conductor 12 (V). When E;y 1s more
negative than V, by an amount which exceeds the
forward voltage drop (V) of diode D1, diode D1 con-
ducts in the forward direction and clamps conductor 12
to a value equal to negative going E;y plus the Vg of
diode D1. When E,y; goes negative, with respect to
ground, by more than the threshold voltage (V) of
transistor N6, the latter turns on and clamps conductor
12 through its low impedance conduction path to ter-
minal 14. Thus, for E;y more negative than ground, V,
is approximately equal to E;y; and 2) Diode D2 and
transistor N7 function to maintain V,; at or close to
ground potential when E,y is more positive than ground
potential. The potential on conductor 12 cannot go
more positive than one V drop above ground because
diode D2 conducts and clamps conductor 12 to Vg
volts above gound. In addition, as the input signal goes
more positive than ground by the Vr of transistor N7,
the latter is turned on and clamps conductor 12 to
ground through its low impedance conduction path.
Thus, for E,;y greater than zero volts, V,, 1s at, or close
to, zero volts. --

The control signal Q determines the levels at the
outputs O, and O, of inverters I1 and 12. The outputs of
the inverters in turn control the states of the level shift
network which, in turn, controls the turn-on and turn-
off of transmission gate 3.

When the control signal (Q) is equal to, or close, to
zero volts, the outputs O, and O, go high (+V volts)
and low (zero volts), respectively. O, — high causes
transistor P4 to be turned off. O, — low causes transis-
tor P3 to be turned on, causing the signal at O3 to go
high (+V volts). O3 — high turns-on transistor N4
which turns off transistor N3 and clamps output O, to
conductor 12. Consequently, O; — high 1s applied to
the gate electrode of transistor P5 and V. is coupled to
the gate of transistor N5. For this control signal condi-
tion the transmission gate (P5 and N5) is non-conduct-
ing for all values of E;y less than +V volts as demon-
strated below.

For E,;y more positive than zero volts V; is at or close
to, zero volts as noted above. Transistor N5 whose gate
is clamped to conductor 12 and whose substrate 1s tied
to conductor 12 remains cut off for all values of E;y
more positive than ground. Transistor P§ whose gate is
clamped to +V volts and whose substrate is tied to +V
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4
volts remains cut off for all values of E;y less than +V
volts.
When E,y goes negative, below ground, conductor 12
is charged to a potential approximately equal to E;y as
noted above. Thus, as E;y applied to the source of

transistor N5, goes negative, so does the potential on

conductor 12 applied to the gate and substrate of tran-
sistor N5. The gate-to-source potential of transistor N5
is thus maintained at approximately zero volts and the
transistor remains cut off. Transistor P5 with its gate
clamped to +V volts is driven deeper into cut off as E,x
applied to its source goes more negative.

Thus, for Q-low, transmission gate 5 remains cut off
for all values of input signals more negative than +V
volts. It should be mentioned that the discussion as-
sumes that the signals applied are lower in magnitude
than the breakdown potentials of the circuits compo-
nents. |

When Q goes high (at or close to +V volts) the out-
put O, goes low and output O, goes high. Transistor P3
is turned off. Transistor P4 is turned on causing the
output O, to go high (at or close to +V volts) and
transistor N3 to turn on. The turn-on of transistor N3
causes the output O; to be clamped to conductor 12
and transistor N4 to be turned off. As a result, approxi-
mately, +V volts is applied to the gate of transistor N3,
turning it on, and V12, which is at most one diode drop
above ground or more negative than ground potential,
is applied to the gate of transistor P5 turning it on. Any
E,y will pass from terminal 14 to terminal 18 through
the relatively low impedance, high conduction path

provided by transmission gate transistors P35, NS.

The input signal coupled to conductor 12 is applied
to the substrate of transistor N5. But since V,; is close
to the most negative potential in the circuit it tends to
reverse bias the PN junctions of transistor NS. There-
fore, only minimal leakage current can flow.

In addition, when transistor N3 is on, transistor P3 1s
off and when transistor N4 is on transistor P4 is off.
When transistor N3 is on, V. is coupled through its low
on impedance to output O3 and the gates of transistors
P5 and N4. When transistor N4 is on V,; is coupled
through its low on impedance to output O4 and the
gates of transistors N3 and N5. The gates of the transis-

tors connected to output points Og, and O4 do not load

‘down these points significantly. Therefore, the level
shift circuit and the network coupling the input signal

to conductor 12 do not load significantly the input
signal since the signal is applied to relatively high im-
pedance points.

Table 1 below summarizes the results obtained with
the circuit of FIG. 2 when a 100K ohm resistive load
(R_.) is connected to output terminal 18. CD4007 pack-
ages which are commercially available complementary
MOS devices manufactured by the RCA Corporation,
were used to breadboard the circuit. A potential of 10
volts was applied to conductor 10 and 0 voits was ap-
plied to conductor 16.

Output At Terminal
I8 With Transmission

Output at Terminal
| I8 With Transmission
Signal Into Gate Enabled Gate Disabled
Terminal 14 (Control High) (Control Low)

lI-I'_._._-.-,_.-_.,._._.,.,.,.__.,_,_...._—....--—--—----—--—wI

—9.995 ~9.995 0.000
~1.000 —1.000 0.000
—0.200 —0.200 0.000
0.000 0.000 0.000
9.995 9.993 0.000
1.000 0.999 0.000
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-contin_u'ed

Output At Terminal
18 With Transmission

Output at Terminal
18 With Transmlss:nn

~ Signal Into Gate Enabled Gate Disabled
Terminal 14 - (Control High) - {Control Low)
"~ 0.200 - 0.200 - 0.004
0.000 . 0.000 -,

- (L0000

Instead of the connectlnns shown in" FIG 2, the gate 10

of transistor PS could be connected to. output O, and
the gate of transistor N5 could be connected to output
O;. For such connections a Q-high would render tran-
sistors PS-and NS non-conducting, -thereby disabling
transmission gate 5§, and Q—low.wo_uld enable the'trans—
mission gate. | |

FIG. 3 shows a transmlssmn gate circuit whlch can
block an mnput signal which exceeds in either the posi-
tive or the negative direction, the maximum operating
voltages supplled to the circuit of which the transmis-
sion gate is part.

The transmission gate 51 includes transistors NS and
P51 having their source-drain paths connected in paral—
lel between terminals 14 and. 18. - :

The circuitry for controlling the turn-on and turn-off
of transistor NS is similar to that shown in FIG. 2 and
need not be greatly detailed. Transistors N6 and N7
have been eliminated since Vi, can be sllghtly offset
from ground or Ey. ' o -

The gate of transistor NS is connected to output Oy
and the gates of transistors P3 and P4 are connected to
outputs O, and O,, respectively. As described below,
for the connections shown in FIG. 3, transistor NS is
turned on when Q is low and turned off when Q is high.
This is the inverse of the condition: in FIG 2, but in no
way alters the inventive concept. s

The -turn-on and turn-off of transistor P51 is con-
trolled by a level shift network comprised of transistors
P31, N31, P41 and N41. Transistors P31 and N31 form
an inverter -and their drains, ‘which define output Oj,,
are connected to the gate of transistor P41. The transis-
tors P41 and N41 form an inverter and their drains,
which define output O, are connected to the gates of
transistors P31 and PS1. Transistors P31 and P41 are
connected at their sources and substrates to a conduc-
tor 32. The substrate of transistor P51 1s also connected
to conductor 32. The sources and substrates of transis-
tors N31 and N41 are connected to ground terminal.
The outputs O, and O, of inverters I1 and 12 are con-
nected to the gates of transistors N41 and N31, respec-
tively. | - | | .
A dlode D4 is connected at its anode to conductor 10
and at its cathode to conductor 32. A diode DS is con-
nected at its anode to terminal 14 and at lT.S cathode to
conductor 32.

In FIG. 3 the gate of transnstor NS is connected to
output O, but could instead have been connected to
ouput Oz Similarly the gate of transistor P51 i1s con-
nected to output O, but could 1nstead have been con-
nected to output 031 | -

Transistor P51 may be formed in, and share, the
same substrate region as transistors P31 and P41.

- To better explain the operation of the circuit to fol-
low, it should be noted that: 1) for E;y equal to or less
than +V volts, the potential on line 32 (Vj,) is at or
close to +V volts. Diode D4 couples the +V volts on
conductor 10 to conductor 32 causing the minimum
potential on line 32 to be at +V volts minus the forward
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-voltage drop (Vr) of diode D4 2) For E;y more positive
~than:.+ V volts the potential on line 32 is at or close to the
‘value of EIN. Diode D5 couples E;x to conductor 32
‘causing the potential online 32 to be at E;y minus the Vr

of diode D3, It.is assumed that the V#’s of all the diodes

are the same. 3) As in the circuit of FIG. 2, the potential

on conductor 121s at, or close to, ground potential for En
more positive than ground and is at, or close to, E;y for

-Emwmore negative than ground because of diodes D2 and

D1, respectively.
For the circuit connections of FIG. 3, the transmis-
sion gate 51 is enabled (P51 and N3 are turned-on)

- when the control signal Q goes low (close to, or equal

to, zero volts) and is disabled (P51 and NS are turned-
off) when Q goes high (close to, or equal to, +V volts).

When Q applied to the mput of inverter I1 1s high
(+V volts), the signal at O, 1s low (0 volts) and the
signal at O, is high- (+V volts). O, low applied to the
gate of transistor N41 turns it off. Transistor N31
turned on due to O, high, clamps node Oj3, to ground.

This turns on transistor P41 which clamps output Oy, to

conductor 32 and turns off transistor P31.

The potential on conductor 32 1s then applied via the
low impedance conduction path of transistor P41 to the
gate of transistor P51. The substrate of PS1 is tied to
line 32 and is, therefore, always at, or close to, the
highest potential present in the circuit. For E;y equal to
or greater than +V volts, the potential applied to the
source of transistor P51 is E;y and the potential applied
to-its gate is, at the least, equal to E;y minus V. Assum-
ing the V of the diode is less than the threshold voltage
V¢ of transistor P51, the transistor remains cut off for
all values of E;y equal to or greater than +V volts. The
potential at the gate, source and substrate of transistor
P51 is held approximately equal. The potential at all
three points rise together in response to rising signals.

‘Therefore, transistor P51 . remains cut off for all values

of signals exceeding +V volts. |
“For values of E;y more negative than +V volts, tran-
sistor P51 is driven more deeply Into cut off, since its

gate is at or close to+V volts while E;y is applied to its
source.

0O, low apphed to transistor P3 turns it on. This
causes the output O3 to be charged to +V volts which
causes transistor N4 to turn on. This clamps output O,
to conductor 12 and causes. transistor N3 to turn-off.
Transistor P4 is turned off by O, high. As explained for
the circuit of FIG. 2, transistor N5, when cut off, re-
mains cut oft for all values of E;y. For E;y more nega-
tive than ground, the source electrode connected to
input 14 of transistor NS is at E;y and its gate potential
is at E;y plus V; where Vi is the forward drop of diode
D1. Since V of the diode is less than the V; of transis-
tors NS§, the Vs of transistor N5 is less than V¢ and it
remains cut off for all values of E;y more negative than
ground. For E;» more positive than ground, the poten-
tial applied to the gate of transistor NS is at or close to
ground potential and transistor NS is driven deeper into
cut off. | | |

Therefore, transmission gate S1, when disabled
blocks signals which exceed the available operating
voltages 1.e. more positive than +V or more negative
than ground.

When Q goes low, the output O, goes high and the
output O, goes low. Transistor P3 1s turned off and
transistor P4 is turned on. The output O, is clamped to
+V volts, causing the turn-on of transistor N4. O, high
and O, low also cause transistor N31 to be turned off
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and transistor N41 to be turned on. The output Oy, is
clamped to ground causing the turn on of transistors
P31 and P51. The turn on of transistor P31 turns off
transistor P41, The turn on of transistors P51 and N5
cause transmission gate 51 to be enabled and provides
a low impedance path for signals between terminals 14
and 18.

Although the circuits shown in the Figures use tran-
sistors of complementary conductivity type, it should
be understood that circuits embodying the invention
may be constructed using transistors of one conductiv-
ity (P or N).

It should also be appreciated that where circuits em-
bodying the invention are manufactured on an insula-
tor substrate, such as sapphire, no connection need be
made to the substrates of the transmission gate transis-
tors or to any of the other transistors of the circuit.

It has been shown that the available power supply
voltages (+V volts and ground) are applied to the input
inverters (I, I;) and that input signals exceeding the
power supply voltages are used to generate potentials
(Vi2, V32) outside the range of the power supply poten-
tials. Level shift circuits controlled by the input invert-
ers are operated from the potentials generated from the
input signals. The level shift circuits are used to control
one or more transmission gate transistors. It should be
appreciated that the controlled transistors could be,
instead, part of a logic circuit or other circuit type. It
should also be appreciated that the level shift circuit
enables the switching of potential levels outside the
range of the power supply voltages and the control of
circuits to which are applied input signals outside the
range of the power supply potentials.

What is claimed is:

1. An electrical circuit including:

a signal input point and a signal output point;

a transistor having first and second electrodes defin-
ing the ends of a conduction path and a control
electrode; said first electrode being connected to
said signal mput point, and said second electrode
being connected to said signal output point; said
transistor being turned on in response to a signal
applied between its control electrode and said first
electrode of given relative polarity and greater than
a given amplitude; and

means for selectively turning off said transistor in-
cluding means connected between said signal input
point and said control electrode and responsive to
values of the input signal of a sense and amplitude
tending to turn the transistor on for applying a
signal of the same sense to the control electrode of
said transistor and of an amplitude such as to over-
come said tendency whereby said transistor is
maintained in a non-conducting condition.

2. In the circuit as claimed in claim 1 further includ-
ing a first point adapted to receive a first fixed voltage
having a polarity and magnitude ta turn on said transis-
tor when applied to its control electrode;

means for selectively turning on said transistor in-
cluding a first switching means connected between
the control electrode of said transistor and said first
point; and

wherein said means for selectively turning off said
transistor Including the input signal responsive
means Includes;

a. a second point adapted to receive a second fixed
voltage of a polarity and magnitude which when
applied to said control electrode turns off said
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8
transistor when the value of the input signals is
between said first and second fixed voltages;

b. a conductor;

c. means coupled between said second point and said
conductor for applying to said conductor a voltage
corresponding to that at said second point when
the mput signal potential 1s between said first and
second voltages;

d. means coupled between said input point and said
.conductor for coupling to said conductor a voltage
corresponding to said input signal when the input
signal potential 1s outside the range defined by said
first and second voltages and of a sense to tend to
turn on said transistor; and

e. selectively enabled second switching means con-
nected between said control electrode and said
conductor.

3. In the circurt as claimed in claim 2 wherein said
means coupled between said second point and said
conductor includes a first unidirectional conducting
means; and

wherein said means coupled between said input point
and said conductor imcludes a second unidirec-
tional conducting means.

4. In the circuit as claimed in claim 3 wherein said
transistor is a first transistor of one conductivity type,
and further including a second transistor of second,
different, conductivity type having its conduction path
connected in parallel with that of said first transistor.

S. In the circuit as claimed in claim 4, wherein said
transistors of one and second conductivity type are
insulated-gate field-effect transistors.

6. In the circuit as claimed in claim 5, further includ-
ing third and fourth switching means, said third switch-
Ing means being connected between the control elec-
trode of said second transistor and said first point and
said fourth switching means being connected between
the control electrode of said second transistor and said
conductor.

7. In the circuit as claimed in claim 5, further includ-
Ing: a) a second conductor; b) means for coupling the
potential at said first point to said second conductor
when the mput signal potential is between said first and
second voltages; ¢) means connected between said
input point and said second conductor for applying a
potential at said second conductor corresponding to
that of said input signal when the input signal potential
Is outside the range defined by said first and second
voltages and is of a polarity and amplitude to turn on
said second transistor; d) a third switching means con-
nected between the control electrode of said second
transistor and said second conductor; and e) a fourth
switching means connected between the control elec-
trode of said second transistor and said second point.

8. In the circuit as claimed in claim 2 wherein said
first fixed voltage is more positive than said second
fixed voltage.

9. In the circuit as claimed in claim 2 wherein said
first fixed voltage is more negative than said second
fixed voltage.

10. In the circuit as claimed in claim 1, further in-
cluding; first and second terminals for the application
therebetween of an operating potential and where the
potential at said first terminal is more positive than that
at said second terminal,

a first switching means connected between the con-

trol electrode of said transistor and said first termi-
nal;
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‘wherein said means for selectively turning off said
transistor includes:

a. a conductor;
b. a first unidirectional means connected between
sald second terminal and said conductor;

¢. a second unidirectional means connected between
said signal input point and said conductor for cou-
pling the input signal to said conductor when the
input signal is more negative than the potential at
said second terminal; and

d. wherein said means for turning off said transistor
includes a second switching means connected be-

tween the control electrode ef said transxstor and

said conductor.

'11. The combination as claimed in clalm 10 wherein
said transistor is an insulated-gate field-effect transistor
having a substrate; and wherein said substrate is con-
nected to said conductor.

12. In the circuit as claimed in clalm 1, further in-

cluding first and second terminals for the application
therebetween of an operating potential and where the
potential at said first terminal 1 is more pos:twe than that
at said second terminal;

-a first switching means connected between the con-
trol electrode of said transistor and said second
terminal; and

wherein said means for selectively turmng eﬁ' said
transistor includes:

a. a conductor;

'b. a first unidirectional means connected between

- said first terminal and said conductor; -

- ¢. a second unidirectional means connected between
said signal input point and said conductor for cou-
pling the lnput signal to said conductor when the

input signal is more positive than the petentlal at

-said first terminal; and

d. wherein said means for turning off sald transistor

- includes a second switching means connected be-
tween the control electrode of said transistor and
said conductor.

13. The combination as claimed in clalm 12 wherein

said transistor is an insulated-gate field-effect transistor

 having a substrate; and wherein said substrate is con-
nected to said conductor. |
14. A circuit including:
first and second terminals for the application thereto
on a first and second fixed operating voltages, re-
spectively;
an input terminal adapted to receive mput signals;
a third terminal;
 first means connected between said first and third
~ terminals, and second means connected between
said input and third terminals, said first and second
~ means for coupling to said third terminal that one
of the input signal potential and second fixed volt-
age generating the largest potential difference be-
tween said second and third terminals; and

10

15

10

further including:
an input circuit having at least one input and at least
one output and being connected between said first
and second terminals;
means for applying a signal to said at least one input
of said input circuit for producing at its at least one
output signals which vary between the voltages at
said first and second terminals;
“wherein each one of said first and second means is a
unidirectional conducting means; and
wherein said means connected between said second
 and third terminals is a level shift circuit having at
least one input connected to said at least one out-
put of said input circuit.
16. In the circuit as claimed in claim 14, wherein said
first fixed operating voltage is more positive than said

 second fixed operating voltage;
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means connected between said second and third

terminals, said means having at least one output for
producing thereat signals varying in potential be-
tween the levels at said second and third terminals.
'18. In the circuit as claimed in claim 14, wherein said
first fixed operating voltage is more negative than said
second fixed operating voltage; |
wherein the potential at said third terminal is approx-
~imately equal to the more negative of the mput
signal or the first fixed voltage;
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wherein the potential at said third terminal is approx-
imately equal to the more positive of the input
signal or the first fixed operating voltage;

further including:

an input circuit having at least one input and at least

one output and being connected between said first
and second terminals,

means for applying a signal to said at least one mput

~ of said input circuit for producing at its at least one

output signals which vary between the voltages at
said first and second terminals;

wherein each one of said first and second means 1s a

unidirectional conducting means; and

wherein said means connected between said second

and third terminals is a level shift circuit having at
least one input connected to said at least one out-
put of said input circuit.

17. The combination as claimed in claim 14, wherein
said means connected between said second and third
terminals is a level shift circuit which includes two
cross-coupled inverters, each inverter including a
switching device connected in series with a load device,
the switching and load device of one inverter being
connected to said at least one output of said level shift
circuit, the other end of the conduction path of said
switching device being connected to one of said second
and third terminals and the other end of the conduction

path of said load device being connected to the other

one of said second and third terminals; wherein the
control electrode of the switching device 1s connected
to said at least one output of said input circuit; and
further including a semiconductor device having a
control electrode and a conduction path;
means connecting said control electrode of said semi-
-conductor device to said at least one output of said
level shift circuit; and
means connecting one end of said conduction path of
said semiconductor device to said input terminal.
18. The combination as claimed in claim 17 wherein
said semiconductor device is a transmission gate com-
prising at least one transistor having a control electrode
and a conduction path;
wherein said control electrode of said transmission
gate transistor is said control electrode connected
to said at least one output of said level shift circuit,
and
means connecting the other end of the conduction
path of said transmission gate transistor to an out-

put terminal.
X Kk % % X
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